Abstract: Angle resolved measurements of the external quantum efficiency of a-Si solar cells deposited on a grating show strong absorption phenomena which are well explained with the guided mode structure in an equivalent flat multilayer system. OCIS codes: (040.5350) Photovoltaic, (130.2790) Guided waves.
Abstract: Angle resolved measurements of the external quantum efficiency of a-Si solar cells deposited on a grating show strong absorption phenomena which are well explained with the guided mode structure in an equivalent flat multilayer system. Thin film silicon solar cells require thin absorbing layers for high throughput considerations and better stability against light induced degradation which leads to a reduction of the electrical field inside the device. To achieve high efficiency in these devices, it is necessary to enhance the short circuit current density using light trapping. Light trapping by interface texturing has been proven to successfully increase the efficiency of solar cells in n-i-p and p-i-n configuration. This could be done by periodic [1] [2] [3] or random texturing [4] [5] [6] . However, the underlying mechanism of light trapping is not clearly understood yet as optical characterization is often done with far field measurements.
In this contribution, we would like to evidence one of the mechanisms of light trapping. We relate the absorption within a solar cell to the guided modes that propagates in a system of layers. As the absorbing silicon layer is embedded between two media having lower index of refraction, a thin film of amorphous silicon can be considered as a wave guiding medium, alas an absorbing one.
A sinusoidal grating substrate with a period P=830nm and an amplitude h=70nm (half the peak to valley depth) was made using an "in-house" nano-imprinting technique. A silver layer of 120nm was deposited by sputtering on top of the grating as back contact (according to ref. [7] such a layer is sufficient to be considered as semi infinite in the subsequent calculation). 60nm of ZnO was deposited by sputtering before the deposition of 235nm of amorphous silicon using plasma enhanced chemical vapor deposition (PECVD). The front contact was made by sputtering of 65 nm of ITO which also serves as anti-reflective coating. P and S polarized angle resolved external quantum efficiency was measured, varying the angle of incidences between 0 and 55° (measured with respect to the surface normal). Figure 1 shows strong absorption signatures in the weakly absorbing region between 1.6 and 2 eV whose energies vary systematically with the angle of incidence. We interpret the absorption phenomena as grating coupling between the wave vector component parallel to the surface k i // and eigenmodes of the structure. The wave vectors of the guided modes for both, P and S polarization a1004_1.pdf OSA / PV 2010 PTuB6.pdf PTuB6.pdf were estimated using a flat interface waveguide according to ref. [8] . The device was approximated as: semiinfinite silver / 60nm of ZnO / 235nm of amorphous silicon / 65nm of ITO. A photon impinging on a grating structure can gain or loose momentum equal to a multiple of the reciprocal lattice vector which yields a multitude of equivalent wave vectors k' given by:
where k i //, θ i , λ i are the incident parallel wave vector, angle and wavelength, respectively, m can be any integer and P is the period of the grating. Excitation occurs whenever the wave vector of an eigenmode propagating in the silicon layer is equal to k'.
Thus a comparison between the k-vector calculations of the guided mode in the structure was made with the experimental values of the impinging k vector, adding multiples of reciprocal grating vector, see figure 2. Still there is an ambiguity on the number of reciprocal vectors to add which can only be partly resolved by the systematic of the angular changes. Figure 2 shows good correlation between experimental and theoretical values. It shows that the grating perturbation on the flat structure does not strongly alter the flat waveguide modes. The grating solely serves to couple the external electromagnetic field to confined propagating modes. These preliminary results indicate that the light trapping effect in thin film silicon solar cells corresponds to excitation of guided modes; however the flat interface model can not predict the coupling strength induced by the grating structure.
